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The shaped articles produced from the mixture accord 
ing to the invention are distinguished, above all, by 
improved notched impact strength. 
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1. 

TOUGHENED POLYOXYMETHYLENE AND 
SHAPED ARTICLES PRODUCED THEREFROM 

Thermoplastic polyoxymethylene molding composi 
tions, which contain essentially oxymethylene units, 
have been used as versatile materials for a long time. 
They are distinguished, in particular, by high strength 
and hardness and by good resistance to chemicals and 
can, therefore, be employed instead of metals in many 
cases. However, the polyoxymethylenes have a rela 
tively low toughness, in particular a low impact 
strength, which naturally restricts their capacity to be 
used for some purposes. 
As described in German Pat. No. 1,193,240 and in 

German Offenlegungsschrift No. 2,051,028, the tough 
ness of polyoxymethylene can be improved by modify 
ing this polymer with thermoplastic polyurethanes. It is 
mentioned in this connection in German Offenlegungss 
chrift No. 2,051,028 that it is also possible to add other 
additives, such as carbon black and fillers, to the mix 
tures of polyoxymethylene and polyurethane in order, 
for example, to improve the strength properties. How 
ever, it is a disadvantage in this respect that mixing 
fillers into plastics which have been toughened results 
in a marked deterioration in the toughness properties. 
The object of the present invention was, therefore, to 

provide suitable mixtures which do not have the disad 
vantages of the known mixtures, in particular their 
unsatisfactory toughness properties. 

It has now been found that this object can be 
achieved, surprisingly, by employing polyurethanes of a 
specific Shore hardness together with fillers of a spe 
cific average particle size. 
The invention therefore relates to a mixture com 

posed essentially of polyoxymethylene, polyurethane 
and filler, wherein the polyurethane has a Shore hard 
ness A of not more than 90, preferably 50-85, and the 
filler has an average particle size less than 10 um, pref. 
erably less than 5um. 
The invention also relates to shaped articles produced 

from a mixture of this type. 
The polyoxymethylenes used in accordance with the 

invention are known and are described, for example, in 
German Offen legungsschrift No. 2,947,490. They are 
essentially unbranched linear polymers containing, as a 
rule, at least 80%, preferably at least 90%, of oxymethy 
lene units (-CH2O-), and are homopolymers of form 
aldehyde or its cyclic oligomers, such as trioxane or 
tetroxane, or copolymers of these monomers. 
The homopolymers in this case are formaldehyde 

homopolymers in which the hydroxyl end groups have 
been stabilized chemically, in a known manner, for 
example by esterification or etherification, against deg 
radation. 
The copolymers are copolymers formed from formal 

dehyde or its cyclic oligomers, in particular trioxane, 
and cyclic ethers, cyclic acetals and/or linear polyace 
tals. 
Comonomers which are suitable for trixoane are (a) 

cyclic ethers containing 3, 4 or 5, preferably 3, ring 
members, (b) cyclic acetals other than trioxane having 
5-11, preferably 5, 6, 7 or 8, ring members and (c) linear 
polyacetals, in each case in amounts of 0.1-20, prefera 
bly 0.5-10, 9% by weight. Copolymers formed from 
99-95% by weight of trioxane and 1-5% by weight of 
one of the abovementioned co-components are the most 
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2 
suitable. Comonomers suitable for trioxane are, in par 
ticular, compounds of the formula 

in which (A) R and R2 are identical or different and 
each denotes a hydrogen atom, an aliphatic alkyl radical 
having 1-6, preferably 1, 2, 3 or 4, carbon atoms or a 
phenyl radical and (a) x is 1, 2 or 3 and y is zero or (b) 
X is zero, y is 1, 2 or 3 and Z is 2 or (c) x is zero, y is 1 
and z is 3, 4, 5 or 6, or (B) R denotes an alkoxymethyl 
radical having 2-6, preferably 2, 3 or 4, carbon atoms or 
a phenoxymethyl radical, X being 1 and y being zero. 

Suitable cyclic ethers are, above all, epoxides, for 
example ethylene oxide, styrene oxide, propylene oxide 
and ephichlorohydrin, and also phenylglycidyl ethers. 

Suitable cyclic acetals are, above all, cyclic formals 
of aliphatic or cycloaliphatic a,c)-diols which contain 
2-8, preferably 2, 3 or 4, carbon atoms and in which the 
carbon chain can be interrupted at intervals of 2 carbon 
atoms by an oxygen atom, for example glycol formal 
(1,3-dioxolane), propanediol formal (1,3-dioxane), bu 
tanediol formal (1,3-dioxepane) and diglycol formal 
(1,3,6-trioxocane) as well as 4-chloromethyl-1,3-dioxo 
lane and hexanediol formal (1,3-dioxonane). Unsatu 
rated formals, such as butenediol formal (1,3-dioxacy 
clohept-5-ene), are also suitable. 

Linear polyacetals which can be employed are both 
homoplymers or copolymers of the cyclic acetals de 
fined above and linear condensation products formed 
from aliphatic or cycloaliphatic a,c)-diols and aliphatic 
aldehydes, preferably formaldehyde. Homopolymers of 
cyclic formals of aliphatic a,a)-diols having 2-8, prefer 
ably 2, 3 or 4, carbon atoms are used in particular, for 
example poly-(1,3-dioxolane), poly-(1,3-dioxane) and 
poly-(1,3-dioxepane). 
Compounds having several polymerizable groups in 

the molecule, for example alkyl glycidyl formals, poly 
glycol diglycidyl ethers, alkanediol diglycidyl ethers or 
bis-(alkanetriol) triformals, are also optionally used, in 
an amount of 0.05-5, preferably 0.1-2, % by weight, 
relative to the total quantity of monomer, as additional 
comonomers for trioxane. 
Under alkyl glycidyl formals mention should be made 

of compounds of the formula 

R-O-CH2-O-CH2-CH-CH2 (II) 
N / 
O 

in which R denotes an aliphatic alkyl radical having 
1-10, preferably 1-5, carbon atoms. Alkyl glycidyl for 
mals of the above formula containing linear, saturated, 
aliphatic alkyl radicals, for example methyl glycidyl 
formal, ethyl glycidyl formal, propyl glycidyl formal 
and butyl glycidyl formal, are particularly suitable. 

Polyglycol diglycidyl ethers denote compounds of 
the formula (III) 

CH, CH-CH-O-(CH-CH-O)-CH-CH-CH (III) N / N / 
O O 

in which n denotes an integer from 2 to 5. Polyglycol 
diglycidyl ethers of the above formula in which n repre 
sents 2 or 3, for example diethylene glycol diglycidyl 
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ether and triethylene glycol diglycidyl ether, are partic 
ularly suitable. 

Alkanediol diglycidyl ethers are compounds of the 
formula (IV) 

CH-CH-CH2-O-(CH2)-O-CH2-CH-CH2 (IV) 
N / 

O O 

in which w denotes an integer from 2 to 6, preferably 2, 
3 or 4. Butanediol diglycidyl ether is particularly suit 
able. 

Bis-(alkanetriol) triformals are understood to mean 
compounds having one linear and two cyclic formal 
groups, in particular compounds of the formula (V) 

(V) 

SH: SH-CH-O-CH-O-(CH2-H SH: 
O O O O 
N / N / 
CH2 CH2 

in which p and q each denote an integer from 3 to 9, 
preferably 3 or 4. Symmetrical bis-(alkanetriol) trifor 
mals of the abovementioned formula in which p and q 
denote the same number, for example bis-(1,2,5-pen 
tanetriol) triformal and preferably bis(1,2,6-hexanetriol) 
triformal, are particularly suitable. 
The values of the reduced specific viscosity (RSV 

values) of the polyoxymethylene are generally 0.3-2.0 
dl.g., preferably 0.5-1.5 dl.g-il (determined in butyro 
lactone, stabilized with 2% by weight of diphenyl 
amine, at 140 C. in a concentration of 0.5 g/100 ml), 
and the melt flow index values MFI 190/2 are in most 
cases between 0.02 and 10 gminute. The crystallite 
melting point of the polyoxymethylene is within the 
range from 140 to 180° C., preferably 150 to 170° C.; 
its density is 1.38-1.45 g. ml 1, preferably 1.40-1.43 
g.ml. 1 (determined as specified in DIN 53,479). 
The trioxane copolymers which are used in accor 

dance with the invention, preferably binary or ternary 
copolymers, are prepared in a known manner by poly 
merizing the monomers in the presence of cationic cata 
lysts at temperatures between 0 and 100° C., preferably 
50 and 90° C. (cf., for example, U.S. Pat. No. 
3,027,352). Examples of catalysts used in this process 
are Lewis acids, for example boron trifluoride and anti 
mony pentafluoride, and complex compounds of Lewis 
acids, preferably etherates, for example boron trifluo 
ride diethyl etherate and boron trifluoride di-tert.-butyl 
etherate. Proton acids, for example perchloric acid, and 
salt-like compounds, for example triphenylmethylhexa 
fluorophosphate, triethyloxonium tetrafluoborate or 
acetyl perchlorate, are also suitable. The polymeriza 
tion can be carried out in the mass, in suspension or in 
solution. The copolymers can, however, also be pre 
pared in a known manner by the application of suitable 
heat treatment, in the presence of catalysts described 
above, to mixtures of formaldehyde homopolymers and 
the said comonomers and/or copolymers of formalde 
hyde and the said comonomers. 

In order to remove unstable constituents, the copoly 
mers are advantageously subjected to a thermal or hy 
drolytic, controlled partial degradation extending to 
primary alcohol end groups (cf. U.S. Pat. Nos. 
3,103,499 and 3,219,623). 
The homopolymers of formaldehyde or trioxane 

which are used in accordance with the invention are 
also prepared in a known manner by catalytic polymeri 
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4 
zation of the monomer (cf., for example, U.S. Pat. NoS. 
2,768,994 and 2,989,505) and are stabilized by esterifica 
tion or etherification against degradation of the end of 
the chain. 
The polyurethanes which are, in accordance with the 

invention, to be mixed into the polyoxymethylene, are 
preferably thermoplastic and are the known products 
such as are described, for example, in German Pat. No. 
1, 193,240 or German Offenegungschrift No. 2,051,028. 
They are prepared in a known manner by polyaddition 
from polyisocyanates, in particular diisocyanates, poly 
esters and/or polyethers or polyester-amides or other 
suitable hydroxy or amino compounds, such as, for 
example, hydroxylated polybutadiene, and, if appropri 
ate, chain lengtheners such as low-molecular polyols, in 
particular diois, polyamines, in particular diamines, or 
Water. 

Examples of suitable diisocyanates are diisocyanates 
of the general formula 

OCN-R-NCO - (VI) 

in which R is a divalent, linear or branched aliphatic 
radical having 1 to 20, preferably 2 to 12, carbon atoms 
or a divalent, cycloaliphatic radicl having 4 to 20, pref 
erably 6 to 15, carbonatoms or a divalent, substituted or 
unsubstituted aromatic radical having 6 to 25, prefera 
bly 6 to 15, carbon atoms. 
An example of a suitabie divalent aliphatic radical is 

the alkylidene radical -(CH2)- in which n is prefera 
bly, 2 to 12, such as the ethylidene, propylidene, penta 
methylene or hexamethylene radical and the like or the 
2-methylpentamethylene radical, the 2,2,4-trimethyl 
hexamethylene radical or the 2,4,4-trimethylhex 
amethylene radical. Diisocyanates of this type which 
are particularly preferred are hexamethylene diisocya 
nate and also 2,2,4-trimethylhexamethylene diisocya 
nate and 2,4,4-trimethylhexamethylene diisocyanate. 

If R in the above formula (VI) denotes a cycloali 
phatic radical, this is preferably the unsubstituted or 
substituted cyclohexane radical. Examples of diisocya 
nates of this type are 1,2-di-(isocyanatomethyl)- 
cyclohexane or 1,4-di-(isocyanatomethyl)-cyclohexane 
or isophorone diisocyanate. 
R in the above formula (VI) can also represent a 

combination of divalent, open-chain aliphatic and cy 
cloaliphatic radicals, and can, for example, denote 

(VII) 

in which R denotes a saturated, linear or branched 
aliphatic radical having 1 to 8, preferably 1 to 3, carbon 
atoms. The two rings here preferably represent unsub 
stituted cyclohexane, while R preferably denotes the 
methylene, ethylene, methylmethylene or dimethyl 
methylene group. 

If R in the above formula (VI) represents a divalent 
aromatic aromatic radical, this is preferably the toluene, 
diphenylmethane, phenylene or naphthalene radical. 
The following are examples of corresponding diisocya 
nates: 2,4-toluene diisocyanate, 2,6-toluene diisocya 
nate, diphenylmethane-4,4'-diisocyanate, 3,3'-dimethyl 
diphenylmethane-4,4'-diisocyanate, 3,3'-dimethyl-4,4'- 
diphenylene diisocyanate (3,3-bitoluene-4,4'-diisocya 
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nate), m-phenylene diisocyanate, p-phenylene diisocya 
nate, o-phenylene diisocyanate, chlorophenylene-2,4- 
toluene diisocyanate, 3,3'-dichlorodiphenyl-4,4'- 
diisocyanate, 4-chloro-1,3-phenylene diisocyanate, 1,5- 
naphthalene diisocyanate and 1,4-naphthalene diisocya 
nate. 

The diisocyanates of the formula (VI) can also be 
used in an oligomeric form, for example in a dimeric or 
trimeric form. Instead of the polyisocyanates, it is also 
possible to use polyisocyanates which have been 
masked in a known manner and which are obtained 
from the isocyanates mentioned, for example by an 
addition reaction with phenol or caprolactam. 

Suitable aliphatic polyhydroxy compounds are poly 
ethers, such as polyethylene glycol ethers, polypropyl 
ene glycol ethers and polybutylene glycol ethers, poly 
1,4-butanediol ethers or mixed polyethers formed from 
ethylene oxide and propylene oxide. It is also possible to 
employ polyester-amides, polyacetals and, preferably, 
aliphatic polyesters for this purpose, all these com 
pounds having free OH end groups. 
The aliphatic polyesters are essentially noncross 

linked polyesters having molecular weights 
500-10,000, preferably 500-5,000. As far as the acid 
component is concerned, they are derived from un 
branched and/or branched aliphaic dicarboxylic acids, 
such as, for example, dicarboxylic acids of the general 
formula 

HOOC-(CH2)-COOH (VIII) 

in which n = 0 to 20, preferably 4 to 10, especially adipic 
acid and sebacic acid. It is also possible to employ for 
this purpose cycloaliphatic dicarboxylic acids, such as 
cyclohexanedicarboxylic acids, and also mixtures with 
the above aliphatic dicarboxylic acids. 

Suitable alcohol components for these polyesters are, 
above all, unbranched or branched aliphatic primary 
diols, such as, for example, diols of the general formula 

HO-(CH2)-OH (IX) 

in which m = 2 to 12, preferably 2 to 6. Compounds 
which may be mentioned here particularly are ethylene 
glycol, 1,4-butanediol, 1,6-hexanediol and 2,2-dimethyl 
1,3-propanediol, and also diethylene glycol. Cycloali 
phatic diols, such as bis-hydroxymethylcyclohexanes, 
or mixtures with the aliphatic diols are also suitable for 
this purpose. 
The polyesters can be prepared from one particular 

dicarboxylic acid and one particular diol, but can also 
be prepared, as mentioned, from mixtures of several 
dicarboxylic acids and/or several diols. 

Possible chain lengtheners for the preparation of the 
polyurethanes are, above all, low-molecular polyols, in 
particular diols, and also polyamines, especially di 
amines, or water. 
The polyurethanes which are employed in accor 

dance with the invention are preferably thermoplastic 
and thus preferably essentially non-crosslinked, i.e. they 
can be melted repeatedly without appreciable manifes 
tations of decomposition. Their reduced specific viscos 
ities, determined at 30° C. in dimethylformamide, are as 
a rule 0.5-3 di/g, preferably 1-2 dll/g. The values of 
elongation at break are preferably 800-1,500%, prefera 
bly 1,000-1,500%, while the Shore hardness A is not 
higher than 90 and is preferably between 50 and 85, 
particularly between 65 and 80, and the glass transition 
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6 
temperature is preferably not higher than 0°C., particu 
larly preferentially not higher than -10° C. 

Fillers suitable for the mixtures according to the in 
vention are the inorganic or organic substances which 
are known for this purpose in the case of polyoxymeth 
ylene and polyurethane. Preferably, they should neither 
melt or sinter together nor decompose to an appreciable 
extent below 230 C., preferably below 250° C., and 
should not have a decomposing action on the polyoxy 
methylene either at room temperature or at the custom 
ary processing temperatures of up to 250° C., particu 
larly up to 220 C. Strongly acid fillers are accordingly 
not suitable for the present purposes. 
The filters employed in accordance with the inven 

tion possess average particle sizes (weight average) of 
less than 10 um, preferably less than 5 um and espe 
cially from 0.001 to 3 um. Fillers having a particle size 
less than 5 um and containing a proportion by weight 
not more than 3%, preferably not more than 2%, of 
particles having a particle size greater than 10 um are 
particularly preferred. 
Examples of suitable fillers are inorganic substances 

and minerals, such as, for example, oxides, hydroxides, 
carbonates, silicates, sulfates, phosphates and sulfides. 

Examples which should be mentioned amongst the 
oxides are calcium oxide, cobalt oxide, iron oxides, 
chromium oxide and preferably magnesium oxide (mag 
nesia), zinc oxide, aluminum oxide and titanium dioxide. 
Oxides which are preferably employed in accordance 
with the invention also include silicon dioxide, particu 
larly in the form rendered hydrophobic, which is ob 
tained, for example, by surface treatment with silanes 
(for example dichlorodimethylsilane) (for example 
(R)Aerosil R 972). 
Examples of suitable hydroxides are calcium hydrox 

ide and preferably aluminum hydroxide, while examples 
of suitable carbonates are strontium carbonate and bar 
ium carbonate and preferably magnesium carbonate, 
calcium carbonate and zinc carbonate and mixed car 
bonates, such as, for example, dolomite. 
Examples of suitable silicates which may be enumer 

ated are asbestos minerals, mica, felspars, wollastonite, 
talc, Zeolites, ultramarines and finely divided glasses. 

Suitable sulfates include, for example, lead sulfate and 
strontium sulfate and preferably calcium sulfate and 
barium sulfate. Examples of suitable phosphates which 
may be mentioned are tricalcium phosphate, fluorapa 
tite and phosphorite, while examples of suitable sulfides 
are Zn sulfide and cadmium sulfide and heavy metal 
sulfides. 
Carbon black and graphite are also very suitable as 

filters within the scope of the invention. 
Finally, it is also possible to employ, in accordance 

with the invention, inorganic colored pigments and also 
organic colored pigments of adequate heat stability, 
such as are used for coloring polyacetals. Furthermore, 
organic, high-melting or crosslinked compositions, such 
as, for example, melamine-formaldehyde resins of a 
suitable composition, can also be used as fillers accord 
ing to the invention. 
The composition of the mixture according to the 

invention depends on the nature of the materials used, 
and can be calculated from the following equations: 

P = 100 - (P. 30 P3) 

P 100 p2 (1 - a) b 
2 = ( – ) i. e. ( - ) , , , , , 
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-continued 

P2 p3 a 
P = i. e. 

in which the symbols used have the following meaning: 
P1 = % by weight of polyoxymethylene 
P2=% by weight of polyurethane 
P3 = % by weight of filler 
p1 = density of the polyoxymethylene in g.cm 
p2 = density of the polyurethane ing.cm 
p3 = density of the filler ing.cm-3 
a = a number which can assume values between 0 and 

0.4, preferably between 0 and 0.3, but for which the 
value selected must at least be sufficiently high to give 
a value for P3 of at least 0.5%, preferably at least 1%, 
and 
b = also a number which can assume values of 

0.03-0.55, preferably 0.05-0.5. 
Mixtures in which a is less than or equal to 0.25 and 

b is 0.05-0.5 are particularly preferred. 
As a rule the mixture according to the invention will 

contain 30 to 97% by weight, preferably 40 to 95% by 
weight, of polyoxymethylene, 2.5 to 60% by weight, 
preferably 5 to 45% by weight, of polyurethane and 0.5 
to 50% by weight, preferably 1 to 30% by weight, of 
filler, in each case relative to the total mixture. 
The mixture according to the invention preferably 

contains in each case a polyoxymethylene, a polyure 
thane and a filler. It can, however, also contain in each 
case several polyoxymethylenes and/or several poly 
urethanes and/or several fillers. P1, P2 and P3 then indi 
cate in each case the sum of the contents of polyoxy 
methylene and polyurethane and filler, respectively, 
while plp2 and p3 can be calculated in each case from 
the densities of the individual components and the pro 
portions of the latter by means of the mixing rule. 
The mixture according to the invention can, if appro 

priate, also contain the known additives, such as stabi 
lizers, nucleating agents, antistatic agents, light stabiliz 
ers, flameproofing agents, slip agents, lubricants, plasti 
cizers, dyestuffs, optical brighteners, mold release auxil 
iaries, adhesion promoters and the like. 

Suitable stabilizers against the effect of heat are, in 
particular, polyamides, amides of polybasic carboxylic 
acids, amidines, for example dicyandiamide, hydrazines, 
ureas, poly-(n-vinyl-lactams) and alkaline earth metal 
salts of aliphatic, monobasic to tribasic carboxylic acids 
having 2-20 carbon atoms and preferably containing 
hydroxyl groups, for example calcium stearate, calcium 
ricinoleate, calcium lactate and calcium citrate. The 
stabilizers used against oxidation are, above all, bisphe 
nol compounds, preferably diesters of monobasic 4 
hydroxyphenylalkanoic acids containing 7-13, prefera 
bly 7, 8 or 9 carbon atoms, with diols containing 2-6 
carbon atoms. Examples of suitable light stabilizers are 
a-hydroxybenzophenone derivatives and benzotriazole 
derivatives. The stabilizers are employed in most cases 
in a total amount of 0. 1-5, preferably 0.5-3, 7% by 
weight (relative to the total molding composition). Ex 
amples of adhesion promoters which should be men 
tioned here are alkali or alkaline earth metal salts of 
sulfonic acids or alkylsulfuric acids as specified in Ger 
man Offenlegungsschrift No. 3,151,814. 
The preparation of the mixture according to the in 

vention is effected in a simple manner by mixing the 
constituents at an elevated temperature at which the 
polymer components melt, but do not yet decompose, 
i.e. in general 160° C. to 250 C., preferably 180° to 240 

5 

15 

25 

35 

40 

45 

55 

60 

65 

8 
C., in units having a good mixing action, such as, for 
example, Brabender mixers or extruders, preferably 
twin-screw extruders, or on mixing rolls. The compo 
nents can, of course, also be mixed mechanically at 
room temperature initially and then subsequently 
melted in order to achieve complete homogenization. It 
has been found in this respect that a mixture in which 
the constituents are distributed as homogeneously as 
would be desirable is not obtained merely by mechani 
cal mixing without melting. 
The mixture according to the invention can be com 

minuted mechanically, for example by chopping or 
grinding, to give granules, chips, flakes or powders. It is 
thermoplastic and therefore accessible to any modes of 
processing typical for thermoplastic compositions. It 
can, therefore, be processed by injection molding, ex 
trusion, melt spinning or deep drawing to give shaped 
articles of any desired kind, and is suitable as an indus 
trial material for the production of semi-finished and 
finished parts, such as shaped articles, for example 
tapes, rods, sheets, films, pipes and tubes, and also ma 
chine parts, for example casings, gearwheels, bearing 
components and control elements, and also automobile 
accessories, such as spoilers and the like. The paintabil 
ity is also quite good if the polyurethane content is fairly 
high. 
The following examples describe the present inven 

t1On. 

EXAMPLES 

Preparation of the polyoxymethylene-polyurethane 
mixtures 

Mixtures of polyoxymethylene and polyurethane, 
both optionally in the form of powder or granules hav 
ing a particle size of approx. 3 mm, and filler were 
melted and homogenized at temperatures between 190 
and 230 C. in a type ZDSK Werner & Pfleiderer twin 
screw extruder. The ribbon of melt emerging was 
cooled, granulated and dried. The products were con 
verted in a customary manner by injection molding into 
shaped articles, on which the following values were 
determined. 

TESTS 

The notched impact strengths were determined as 
specified in DIN 53,453 on a small standard test bar. 
The 50% fracture energy was determined as specified 

in DIN 53,443 on sheets 2 mm thick. 
The elongation at break (1/3 DIN) was determined as 

specified in DIN 53,455 on a tension bar produced from 
test specimen No. 3 by reduction on a scale of 1:3. The 
speed of drawing was 5 cm/minute. 

MATERIALS 

The following materials were employed in the exam 
ples: 
Polyoxymethylene: A copolymer formed from trioxane 
and approx. 2% by weight of ethylene oxide, melt 
flow index MFI 190/2 approx. 0.9 g, minute-l, den 
sity 1.41 g.cm-3. Stabilizer: 0.1% by weight of dicy 
andiamide and 0.4% by weight of a phenolic antioxi 
dant. 

Polyurethane A: An aromatic polyester-polyurethane, 
elongation at break 500%, Shore hardness A 290, 
Shore hardness D50, density 1.21 g.cm -3. 
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Polyurethane B: An aromatic polyester-polyurethane, 
elongation at break 400-450%, Shore hardness A 85, 
density 1.20 g.cm3. 

Polyurethane C: An aromatic polyester-polyurethane, 
elongation at break 600%, Shore hardness A 80, den 
sity 1.18 g.cm3. 

Polyurethane D: An aliphatic polyester-polyurethane 
containing hexamethylene diisocyanate, adipic acid, 
ethylene glycol, 1,4-butanediol, neopentylglycol and 
1,6-hexanediol as main constituents, elongation at 
break 1070%, Shore hardness A 72, density 1.14 
g.cm313, RSV value = 1.5 dl/g, glass transition tem 
perature -47 C. 

Carbon black: Average particle size 0.035 um, density 
1.86 g.cm -3. 

Silicon dioxide: Prepared from silicon tetrachloride in 
an oxyhydrogen flame and rendered hydrophobic by 
treatment with dimethyldichlorosilane, average parti 
cle size 0.016 um. 

Titanium dioxide: Average particle size 0.28 um, den 
sity 4.0 g cm-3. 

Chalk: Average particle size 0.08–25 um, density 2.7 
g.cm -3. 

Talc: Average particle size l l um, 21% larger than 20 
um, density 2.78 g.cm3. 
All the percentages below are to be understood as 

meaning % by weight. The numbers a and b have the 
meaning described above. 

EXAMPLES 1-13 

Notched 
impact 
strength 

(kJ. m2) 
100% of polyoxymethylene 6 
(no additives) 

2* 97% of polyoxymethylene -- 
3% of carbon black, no 
polyurethane 
90% of polyoxymethylene -- 
10% of chalk (particle 
size um), no polyurethane 
80% of polyoxymethylene + 
20% of polyurethane A, no 
filler 
77% of polyoxymethylene + 
20% of polyurethane A -- 3% 
of carbon black (a a 0.089, 
b = 0.249) (excessively 
hard polyurethane 
80% of polyoxymethylene + 
20% of polyurethane B, no 
filler 

7 77% of polyoxymethylene -- 
20% of polyurethane B + 3% 
of carbon black (a = 0.088, 
b = 0.251) 
80% of polyoxymethylene + 
20% of polyurethane C, no 
filler 

9 77% of polyoxymethylene -- 
20% of polyurethane C -- 3% 
of carbon black (a = 0.087, 
b = 0.254) 
80% of polyoxymethylene -- 
20% of polyurethane D, no 
filler 
77% of polyoxymethylene -- 
20% of polyurethane D + 3% 
of carbon black (a = 0.084, 
b = 0.260) 
70% of polyoxymethylene + 
20% of polyurethane D + 
10% of chalk (particle 
size lum, a = 0.174, 

Elongation 
at break 
DIN (%) 

45 

Ex 
ample Composition 

t 

2.6 14 

3: 3.4 7 

4-k 90 

5* 3.6 56 

6* 7.5 81 

8.6 90 

8* 8.0 89 

9.3 185 

10-k 17.0 68 

11 19.4 105 

12 24.7 80 

5 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
-continued 

Notched 
impact Elongation 

Ex- strength at break 
ample Composition (k) , m2) DIN (%) 

b = 0.300) 
13* 77% of polyoxymethylene + , 11.9 59 

20% of polyurethane D + 3% 
of talc (a = 0.058, b = 
0.254), (filler excessively 
coarse-grained 

"Comparison tests 

EXAMPLE 14 

Mixtures were prepared containing in each case 70% 
of polyoxymethylene, 20% of polyurethane D and 10% 
of chalk, using chalk having a varying average particle 
size (a = 0.174, b = 0.300) 

Notched 
impact 50%-fracture 
strength energy 

Average particle size, um (kJ. m2) (J) 
(a) 0.08 23.8 35 
(b) 0.2 19.8 28 
(c) 0.35 2.0 33 
(d) l 24.7 36 
(e) 1.5 8.6 30 
(f) 25 2.1 7 

(Filler excessively 
coarse-grained) 

(g)* 80% of polyoxymethylene + 17.0 24 
20% of polyurethane D, 
no filler 

EXAMPLE 1.5 

Mixtures composed of (80-x)% of polyoxymethylene, 
20% of polyurethane D and X% of chalk were pre 
pared. The average particle size of the chalk was 1 um. 

50%- 
Notched impact fracture 

% of chalk 2 b strength (kJ. m2) energy (J) 
(a) 0, no 7.0 24 

filler 
(b) 2 0.041 0.248 17.9 26 
(c) 5 0.095 0.267 20. 29 
(d) O 0.174. O.300 24.7 36 
(e) 15 0.24 0.334 19.6 30 
(f)* 40, too 0.458 0.533 5.6 8 

much filler 
"Comparison tests 

EXAMPLE 16 

Mixtures composed of (80-x)% of polyoxymethylene, 
20% of polyurethane D and X% of carbon black were 
prepared. 

Notched impact 50%-fracture 
% of carbon strength energy 

black ai b (kJ. m2) (J) 
(a)* 0, no 17.0 24 

filler 
(b) 2 0.058 0.252 19.2 27 
(c) 3 0.084 0.260 19.4 27 
(d) 5 0.133 0.276 20.5 29 
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EXAMPLE 1.7 

Mixtures composed of (80-x)% of polyoxymethylene, 
20% of polyurethane D and X% of titanium dioxide 
were prepared. 5 

Notched impact 50%-fracture 
% of titanium strength energy 

dioxide 3. b (kJ. m2) (J) O 

(a)* 0, no 17.0 24 
filler 

(b) 1 0.014 0.24 17.0 28 
(c) 3. 0.04 0.25 17.9 30 
(d) 5 OO67 0.261 7.8 30 

*Cornparison tests 5 

EXAMPLE 8 

Mixtures composed of (100-X-y)% of polyoxymethyl 
ene, y% of polyurethane D and X% of silicon dioxide 2O 
were prepared. 

Notched impact 50%-fracture 
strength energy 25 

X y a b (k.J. m2) (J) 
(a)* O S no filler 6.0 4.5 
(b) 5 O.O94 0.068 9.3 6 
(c) 3 5 0.237 O,081 9. 8 
(d)* O 15 no filler 12.0 2O 30 
(e) l 15 O.O33 0.186 13.9 22 
(f) 5 15 O. 147 0.24 15.2 3O 
(g) O 15 O.257 0.250 6.5 32 
(h)* O 20 no filler 7.0 24 
(i) 5 20 0.115 0.271 22.3 33 
(j) O 20 0.206 0.308 26.8 >36 3 
(k)* 0 25 no filler 20,0 29 5 
(I) 25 O.020 0.299 22.7 33 
(m) 5 25 0.094 0.328 25.4 >36 
(n) 10 25 0.127 0.365 29.0 > 36 

*Comparison tests 
40 

What is claimed is: 
1. A mixture consisting essentially of a polyoxymeth 

ylene, a polyurethane and a filler, wherein the polyure 
thane has a Shore hardness A of not more than 90 and 
the filler has an average particle size less than 10 um, 45 
and wherein the composition of the mixture is given by 
the equations 

SO 

55 

60 

65 
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P = 100 - (P. 30 P3) 

P 100 p2 (1 - a) b 
2 = p (1 - ) i. p. (1 - a og 

P2 p3 a 
P = is a 

in which the symbols have the following meaning: 
P1 = % by weight of polyoxymethylene 
P2 =% by weight of polyurethane 
P3=% by weight of filler p1 = density of the polyoxy 
metnylene in g.cm3 P2 = density of the polyure 
thane in g.cm3 

p3 = density of the filler material ing.cm3 
a = a numerical value between 0 and 0.4, 
b= a numerical value between 0.03 and 0.55, and 
P3 is at least 0.5. 
2. A mixture as claimed in claim 1, wherein a has a 

numerical value between 0 and 0.3, b has a numerical 
value between 0.03 and 0.55, and P3 is at least 1. 

3. A mixture as claimed in claim 1, wherein a is not 
more than 0.25. 

4. A mixture as claimed in claim 1, wherein the filler 
has an average particle size less than 5um, and contains 
not more than 3% by weight of particles having a parti 
cle size greater than 10 um. 

5. A mixture as claimed in claim 1, wherein the filler 
neither melts nor sinters together nor decomposes 
below 250 C. 

6. A mixture as claimed in claim 5, wherein the filler 
neither melts nor sinters together nor decomposes 
below 230 C. 

7. A mixture as claimed in claim 1, wherein the filler 
is carbon black or an oxide, sulfate, carbonate or sili 
Cate. 

8. A mixture as claimed in claim 7, wherein the filler 
is titanium dioxide, zinc oxide, aluminum oxide, silicon 
dioxide which has been surface-treated with dimethyl 
dichlorosilane, magnesium carbonate, calcium carbon 
ate or zinc carbonate. 

9. A mixture as claimed in claim 1, wherein the poly 
urethane is thermoplastic and has a Shore hardness A of 
50 to 85. 

10. A shaped article produced from the mixture as 
claimed in claim 1. 

k ck ck k k 


